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 27.4  Product Class 4: 
 Thioaldehyde and Thioketone S-Oxides and S-
Imides (Sulfines and Derivatives) 
 
Mlostoń, G., Heimgartner, H., in Science of Synthesis, 27 (update 2013) 
 
General Introduction 
 
Thioaldehyde and thioketone S-oxides (sulfines) as well as structurally similar S-imides 
are considered as so called S-centered heterocumulenes. Numerous representatives are 
isolated in substances, however, in some instances they are also postulated as reactive 
intermediates. In the last decade, no reports on new methods for the generation of 
thiocarbonyl S-oxides or thiocarbonyl S-imides were published in generally available 
literature. However, some earlier reported approaches should be added to the list of 
methods presented in the first edition.  
 
27.4.1  Product Subclass 1: 
Thioketone S-Oxides (Sulfines) 
 
Mlostoń, G.; Heimgartner, H.; in Scienceof Synthesis, 27 (update 2013) 
 
General Introduction: 
 
In a recent review, the chemistry of sulfines is summarized.[1] 
In addition to the earlier presented procedures, there are three other methods known, 
which deserve mentioning. None of these methods is based on a reaction with 
thioketones. Gas-phase thermolysis of 1,3-dithietane S,S’-dioxide is an excellent 
procedure for the generation of thioformaldehyde S-oxide for physicochemical studies 
in matrices.[2] 
 
See: 
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Synthesis of Product Subclass 1 
Applications of Product Subclass 1 in Organic Synthesis 
 
24.4.1.1  Synthesis of Product Subclass 1 
 
Mlostoń, G.; Heimgartner, H.; in Scienceof Synthesis, 27 (update 2013) 
 
See: 
Desulfurization of Dithiirane S-Oxides 
Oxidative Rearrangement of Aryl Benzyl Sulfides 
Oxidative Ring Opening of Thiophenes 
 
27.4.1.1.10  Method 10:  
 Desulfurization of Dithiirane S-Oxides 
The separated diastereoisomers of the sterically crowded 3-(1-adamantyl)-3-(tert-butyl)- 
dithiirane S-oxide 1 undergo desulfurization upon treatment which triphenylphosphine 
and the corresponding thioketone S-oxides 2 are obtained in high yields in a 
stereoselective manner (Scheme 1).[3] 
 
<Scheme 1> Synthesis of Sulfines 2 via Desulfurization of Dithiirane S-
Oxides[3] 
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Heating of cis-1 in deuteriochloroform at 60 °C for 20 h leads to a mixture of (Z)- and 
(E)-2 in ca. 10% each along with cis- and trans-1 in 36 and 21% yield, respectively. 
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Similar desulfurizations with triphenylphosphine for differently substituted dithiirane S-
oxides are also described.[4,5] 
Thermal decomposition of S,S'-dioxide analogues of 1 in refluxing deuteriochloroform 
leads to a mixture of (Z)- and (E)-2 in 43 and 26% yield, respectively, as major 
products.[6] Under similar conditions, 3,3-bis(tert-butyl)dithiirane S,S'-dioxide yields 
di(tert-butyl)thioketone S-oxide(78%).[7] 
 
27.4.1.1.11 Method 11:  
 Oxidative Rearrangement of Aryl Benzyl Sulfides 
 
A convenient method for the preparation of diarylthioketone S-oxides comprises the 
oxidation of benzyl aryl sulfides with a peracid in chloroform at 0–20 °C. Thioketone S-
oxides are formed as the sole products in high yields. The oxidation occurs selectively 
at the S-atom, despite the presence of N-heterocycles (Scheme 2). This method is 
described in a series of patents,[8-12] and in some cases, the target S-oxides are reported 
as biologically active compounds. 
 
<Scheme 2> Synthesis of Sulfines by the Oxidative Rearrangement of 
Aryl Benzyl Sulfides[8] 
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1-Methyl-2-(2-pyridylsulfinylmethyl)-5-nitroimidazole; Experimental 
Procedure:[8] 
 
To a solution of 1-methyl-2-(2-pyridylthiomethyl)-5-nitroimidazole (25.0 g, 0.1 mol) in 
200 ml of chloroform is added drop wise a solution of meta-chloroperbenzoic acid (m-
CPBA; 17.25 g, 0,1 mol) in 50 ml of chloroform at room temperature. The mixture is 
stirred at room temperature for another hour, then extracted with diluted sodium 
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carbonate solution, the organic phase is separated, dried over sodium sulfate, and the 
solvent evaporated. The residue is crystallized from ethanol, yielding 21.0 g (79%) of 1-
methyl-2-(2-pyridylsulfinylmethyl)-5-nitroimidazole as yellow crystals; m.p. 160 °C. 
 
27.4.1.1.12  Method 12:  
 Oxidative Ring Opening of Thiophenes 
 
Irradiation of 2,5-disubstituted thiophene derivatives with UV light under aerobic 
conditions leads to α,β-unsaturated γ-ketosulfines as a single isomer with unknown 
configuration of the sulfine group. In the case of 2,5-dimethylthiophene, the reaction 
yields sulfine 5 (Scheme 3).[13] 
 
<Scheme 3> Photolysis of 2,5-Dimethyl Thiophene Leading to Sulfine 
5[13] 
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The formation of sulfines of type 5 starting with more complex 2,5-disubstituted 
thiophenes is also reported.[14,15] 
 
27.4.1.2  Applications of Product Subclass 1 in Organic 
Synthesis 
 
Mlostoń, G.; Heimgartner, H.; in Scienceof Synthesis, 27 (update 2013) 
 
In matrix isolated thioketone S-oxides undergo photochemical 1,3-electrocyclization to 
give the corresponding oxathiirane derivatives.[16] Thiobenzophenone S-oxide reacts 
with sterically crowded 2,2,4,4-tetramethyl-3-thioxocyclobutanone, and 3,3,5,5-
tetraphenyl-1,2,4-trithiolane is formed via a cascade reaction involving sulfur 
transfer.[17,18] 
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See: 
1,3-Dipolar Cycloaddition Reactions with Sulfines 
 
27.4.1.2.1  Method 1:  
 1,3-Dipolar Cycloaddition Reactions with Sulfines 
 
The in situ generated 2,2,4,4-tetramethyl-3-thioxocyclobutanone S-methanide 6 reacts 
with S-oxides of aromatic thioketones to give 1,3-dithiolane S-oxides of type 7 in a 
regioselective manner (Scheme 4).[19] In this reaction, the aromatic thioketone S-oxides 
are less reactive then superdipolarphilic aromatic thioketones. 
 
<Scheme 4> 1,3-Dipolar Cycloaddition of Thiocarbonyl Ylide 6 with 
Thiofluorenone S-Oxide[19] 
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The opposite regioselectivity of the cycloaddition of 6 is observed in the reaction with 
2-thioxoindan-1-one S-oxide. The reaction in tetrahydrofuran at 50 °C gives the 
cycloadduct in 68% yield.[20] 
 
 
27.4.2  Product Subclass 2:  
 ThioketoneS-Imides 
  
Mlostoń, G.; Heimgartner, H.; in Scienceof Synthesis, 27 (update 2013) 
 
General Introduction: 
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The chemistry of thioketone S-imides has been summarized in two comprehensive 
reviews.[21,22] Molecular and electronic structures of thiocarbonyl S-imides were studied 
by the use of computational methods.[23] 
 
See: 
Synthesis of Product Subclass 2 
Applications of Product Subclass 2 in Organic Synthesis 
 
27.4.2.1  Synthesis of Product Subclass 2 
 
Mlostoń, G.; Heimgartner, H.; in Scienceof Synthesis, 27 (update 2013) 
 
Along with already presented methods, the reaction of α-chlorosulfanyl chlorides with 
N-silylated bulky primary amines is also known. Furthermore, thiocarbonyl S-imides 
can be generated by the treatment of sterically crowded 3-thioxocyclobutanone with 
aryl azides and via the reaction of 3-azidobenzo[c]isothiazoles with diazo compounds. 
 
See: 
α-Chlorosulfanyl Chlorides with N-silylated Amines  
2,2,4,4-Tetramethyl-3-thioxocyclobutanone with Arylazides  
3-Azidobenzo[c]isothiazoles with Diazo Compounds. 
 
27.4.2.1.6  Method 6:  
 α-Chlorosulfanyl Chlorides with N-silylated 
Amines 
 
The treatment of α-chlorosulfanyl chloride 8 derived from hexafluorothioacetone with 
sterically crowded (trimethylsilyl)amines 9 at room temperature without solvent leads to 
the corresponding α-chlorosulfanylamines 10. Subsequent treatment of 10 in 
diethylether with lithium bis(trimethylsilyl)amide in hexane at –5 °C affords, after 3 h 
stirring at room temperature, the hexafluorothioacetone S-imides 11 (Scheme 5). 
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Products 11a and 11b are obtained as crystalline materials,[24] and in the case of 11c, the 
obtained product is used in further reactions without isolation.[25] 
 
<Scheme 5> Synthesis of Hexafluorothioacetone S-Imides 11 from the α-
Chlorosulfanyl Chloride 8[24,25] 
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27.4.2.1.7  Method 7:  
 2,2,4,4-Tetramethyl-3-thioxocylobutanone with 
Arylazides 
 
Heating of the sterically crowded 2,2,4,4-tetramethyl-3-thioxocyclobutanone in excess 
arylazide at 80 °C leads to the evolution of nitrogen and the corresponding reactive 
thiocarbonyl S-imide of type 12 is generated in situ (Scheme 6).[26,27] 
 
<Scheme 6> Thioketone S-Sulfides from Aromatic Thioketones and 
Organic Azides[26,27] 
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27.4.2.1.8  Method 8:  
 8
 3-Azidobenzo[c]isothiazoles with Diazo 
Compounds 
 
Stirring of a mixture of 3-azido-5,7-bis(tert-butyl)benzo[c]isothiazole 13 and excess 
diazo compound 14 in hexane at room temperature leads to thiocarbonyl S-imides 15, 
which differ in their thermal stability (Scheme 7).[28] The sterically crowded derivatives 
15a and 15b are stable compounds isolated in 98 and 50% yield, respectively. In the 
cases of 14c and 14d, spontaneous cyclization followed by extrusion of sulfur leads to 
the corresponding imines. 
 
<Scheme 7> Synthesis of Thiocarbonyl S-Imides 15 from 3-
Azidobenzo[c]isothiazoles[28] 
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27.4.2.2  Applications of Product Subclass 2 in Organic 
Synthesis 
 
Mlostoń, G.; Heimgartner, H.; in Science of Synthesis, 27 (update 2013) 
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Additional examples of 1,3-dipolar cycloaddition reactions with C=C, C=S, and P≡C 
dipolarophiles are described. A rearrangement in the gas-phase without sulfur 
elimination is also reported.[29] 
 
See: 
1,3-Dipolar Cycloaddition Reactions 
  
27.4.2.2.2  Method 2:  
 1,3-Dipolar Cycloaddition Reactions 
 
Derivatives of bis-trifluoromethylated isothiazolidines 17 are formed via 1,3-dipolar 
cycloaddition of hexafluorothioacetone S-imides 11 with diverse olefinic dipolarophiles 
at room temperature. In general, reactions with styrene and 2-vinylpyridine occur 
regioselectively, whereas in the case of acrylamide mixtures of both regioisomers are 
formed (Scheme 8).[24,25,29] 
 
<Scheme 8> 1,3-Dipolar Cycloadditions of Hexafluorothioacetone S-
Imides11 with Olefinic Dipolarophiles Leading to Isothiazolidines 17[24,25] 
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2-(1-Adamantyl)-3-phenyl-5,5-bis(trifluoromethyl)isothiazolidine 
(17a); Experimental Procedure:[25] 
 
To a stirred solution of 11a (1.19 g, 3.6 mmol) in diethylether (20 ml) at room 
temperature, styrene (0.46 g, 4.4 mmol) is added dropwise. After stirring at room 
temperature for 18 h, the solvent is removed at reduced pressure, and crystallization of 
the residue from acetonitrile yields 1.5 g (97%) of 2-(1-adamantyl)-3-phenyl-5,5-
bis(trifluoromethyl)isothiazolidine (17a) as colorless crystals; m.p. 84 °C. 
 
Aromatic thioketones 18 react easily with 11a in dichloromethane at room temperature 
to yield 5,5-bis(trifluoromethyl)-1,4,2-dithiazolidines 19 in a regioselective manner 
(Scheme 9).[30] 
 
<Scheme 9> 1,3-Dipolar Cycloadditions of Hexafluorothioacetone S-
Imide 4a with Aromatic Thioketones 11 Leading to 1,4,2-Dithiazolidines 
19[30] 
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Synthesis of 1,4,2-Dithiazolidines 19; Experimental Procedure:[26] 
 
To a stirred solution of 2 mmol of the appropriate thioketone 18 in dichloromethane (2 
ml), a solution of 11a (704 mg, 2.0 mmol) in dichloromethane (1 ml) is added. After 
complete decolorization, the solvent is removed under reduced pressure and the solid 
residue is triturated with a small amount of methanol. After 1 h in the refrigerator, the 
product is filtered off and recrystallized from methanol or methanol/dichloromethane. 
 
The in situ generated thiocarbonyl S-imides 12 are trapped with 2,2,4,4-tetramethyl-3-
thioxocyclobutanone to yield dispiro-1,4,2-dithiazolidines of type 20 (Scheme 10).[26] 
These products are thermally stable and can by isolated as crystalline materials. 
 
<Scheme 10> The in situ Generation of Thiocarbonyl S-Imides from 
2,2,4,4-Tetramethyl-3-thioxocyclobutanone and Aromatic Azides[26] 
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 12
The reaction of thiocarbonyl S-imide 11b with tert-butylphosphaalkine occurs smoothly 
at room temperature in diethylether leading to 1,2,4-thiazaphosphole 21 as sole product 
in 47% yield (Scheme 11).[25] 
 
<Scheme 11>1,3-Dipolar Cycloadditions of Hexafluorothioacetone S-
Imide11b with tert-Butyl Phosphaalkine Leading to 1,2,4-
Thiazaphosphole 21[25] 
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